This study focuses on nitrification through a biological aerated filter (BAF) that is filled with a zeolite medium at low concentrations of ammonia. The zeolite medium consists of natural zeolite powder. The BAF is operated under two types of media, which are a ball-type zeolite medium and expanded poly propylene (EPP) medium. Nitrification occurred in the zeolite BAF (ZBAF) when the influent concentration of ammonia nitrogen was 3 mg L -1 , but the BAF that was filled with an EPP medium did not experience nitrification. The ammonia nitrogen removal efficiency of ZBAF was 63.38% and the average nitrate nitrogen concentration was 1.746 mg/L. The ZBAF was tested again after a comparison experiment to treat pond water, and municipal wastewater mixed pond water. The ZBAF showed remarkable ammonia-nitrogen treatment at low concentration and low temperature. During this period, the average ammonia nitrogen removal efficiency was 64.56%. Especially, when water temperature decreased to 4.7℃, ammonia nitrogen removal efficiency remained 79%. On the other hand, the chemical-oxygen demand (COD) and phosphorus-removal trends were different. The COD and phosphorus did not show as efficient treatment as the ammonia-nitrogen treatment.
Introduction
(Zeolite-Na + or K + ) + NH 4 + → (Zeolite-NH 4 + ) + Na + or K + (1) 19 E n v i r o n m e n t a l E n g i n e e r i n g R e s e a r c h Experiment was conducted in two steps. First, the zeolite media was compared to 88 an expanded polypropylene (EPP) media, which had no ammonium-adsorption ability.
89
Second, pond water with low ammonia-nitrogen concentration was treated through a 90 ZBAF, and the removal efficiencies of ammonia nitrogen and another material were 91 determined. To confirm phosphorus removal, the ZBAF was operated through mixed 92 wastewater, which contained municipal wastewater, as influent.
93
E n v i r o n m e n t a l E n g i n e e r i n g R e s e a r c h 
112
E n v i r o n m e n t a l E n g i n e e r i n g R e s e a r c h In previous studies, zeolite enhanced nitrification efficiency when applied to 153 high-concentration wastewater [13, 14] . However, in this experiment, the zeolite media 154 showed superior ability at low concentrations and more greatly affected nitrification 155 efficiency. Thus, zeolite media can selectively grow and maintain AOB. When the pond water was influent, water temperature range was 4.7 to 20℃. When the low concentrations of ammonia nitrogen, the treatment efficiency of low concentrations of organic matter was not high.
212
The effluent-phosphorus concentration is shown in Fig. 6 and was similar to 213 COD removal. In fact, the removal of phosphorus was rarely achieved in this study.
214
Phosphorus removal in attached-growth methods and biofilm technology such as BAFs 215 is difficult because of the treatment mechanism of phosphorus. Many studies suggested 216 the use of coagulants for phosphorus removal [22] [23] [24] . This study also considered that 217 the additional use of coagulants is necessary to remove phosphorus in ZBAFs. 
